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1. Title of the Invention

LIQUID CRYSTAL DISPLAY PANEL AND METHOD OF FABRICATING

THE SAME

5 2. Scope of Claims

(1) A liquid crystal display panel using at least one of two or more electrode

substrates in common, the panel in which the electrode substrates are disposed opposite

to each other through a sealant, at least two independent liquid crystal seal portions are

integrally installed using the electrode substrates and the sealant, and at least one of the

10 seal portions seals different Uquid crystals from the other seal portions.

(2) A method of fabricating a liquid crystal display panel comprising the steps

of:

disposing a sealant on at least one of electrode substrates that are disposed

opposite to each other;

15 putting a predetermined amount of at least one kind of liquid crystal on the at

least one opposite electrode substrate; and

bonding the two electrode substrates in a vacuum state.

(3) The method according to.claim 2, wherein the liquid crystal is mixed with

spacers and used.

20 (4) The method according to claim 2, wherein the sealant is formed of

ultraviolet (UV) curing resin.

(5) The method according to claim 2, wherein at least a portion of a space

between the opposite electrode substrates is sealed with a different sealant from a

sealant for bonding so that a difference in pressure between the space and the outside is
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generated to pressurize the two electrode substrates.

(6) The method according to claim 2, wherein a space whose one surface is

formed of a flexible sheet or film is mechanically sealed by putting the opposite

electrode substrates in the space, and a difference in pressure between the space and

5 another space that is separated fit)m the space by the sheet, or film is generated to

pressurize the two electrode substrates.

(7) The method according to claini 2, wherein the sealant is a double layer of

an inner sealant and an outer sealant, the inner sealant being in contact with at least the

liquid crystal and formed ofUV curing resin, the outer sealant being formed of any one

1 0 ofUV curing resin, thermoplastic resin, and thermosetting resin.

(8) The method according to claim 7, wherein tiie inner sealant is formed of

radical superposition UV curing resin, and the outer sealant is formed of cation

polymerization UV curing resin.

(9) A method of fabricating a liquid crystal display panel comprising:

15 disposing a sealant on at least one of opposite electrode substrates of three or

more electrode substrates;

putting a predetermined amount of at least one kind of liquid crystal on the at

least one of the opposite electrode substrates; and

bonding the electrode substrates in a vacuum state.

20 (10) The method according to claim 9, wherein the liquid crystal is mixed with

spacers and used.

(11) The method according to claim 9, wherein the sealant is formed of

ultraviolet (UV) curing resin.
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3. Detailed Description of the Invention

(Technical Field)

The present invention relates to a liquid crystal display (LCD) panel, which is

used as an ultrathin, hght-weighted, and low-power display, and method of fabricating

5 the same.

(Conventional Arts)

Nowadays, an LCD that is a thin, light-weighted, and low-power display is

widely used in various fields, such as an electronic computer, and there is a good

likelihood that the LCD will be utilized for more various purposes.

10 Conventionally, various methods of fabricating the LCD were proposed as

follows.

Method (a): At least a required amount of liquid crystal is precisely dropped

using a pipette or syringe on one of electrode substrates that are disposed opposite to

each other, a third electrode substrate is disposed thereon through spacers in the

15 atmosphere, the liquid crystal filled aroimd the electrode substrates is blown, and an

outer circumference of a cell is adhesively sealed using an adhesive.

Method (b): Electrode substrates that are disposed opposite to each other are

adhesively fixed to each other \ising a sealant, and a liquid crystal is injected using

capillarity attraction, pressurization, or vacumnization from a liquid crystal injection

20 port, which is previously installed on the electrode substrates, in a sandwich-type cell

container that is previously made.

Method (c): As shown in FIGS. 13A through 13D, electrode substrates 1 and 2

that are disposed opposite to each other are adhesively fixed to each other using a

sealant 3, a liquid crystal 4 is injected from a previously installed opening using a
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vacuum injection method, and an opening is made. In FIGS. 13A through 13D,

reference nimieral 5 refers to a spacer that serves to maintain a predetermined distance

between the electrode substrates 1 and 2, 6 refers to a conductive resin that electrically

connects the electrode substrates 1 and 2, and 7 refers to a sealing resin.

5

(Approaches for Solving the Problems)

However, the above-described conventional methods have the following

disadvantages.

First of all, as can seen from Japanese Patent Laid-Open Publication Nos. sho

10 49-79541, 55-6881, and 55-6882, the method (a) includes a process of discharging air

bubbles along with the liquid crystal from a cell without using vacuumization. Thus, it

is difficult to control the process, and the air bubbles never fail to remain as might be

the case in dropping a fine and precise amount of liquid crystal appropriate for a

capacity of the celL Further, even if a fine amount of hquid crystal is exceeded or a

15 fixed small amount of liquid ciystal is always dropped, air bubbles may or may not

remain. For this reason, it is necessary to drop a large amount of liquid crystal in order

not to leave air bubbles in the cell. Therefore, when the hquid crystal is dropped on

the electrode substrate before a sealant is bonded, the sealant flows due to the liquid

crystal or the liquid crystal is attached to seal bonding surfaces of the sealant and the

20 electrode substrate. As a result, a selection of sealants is limited and the quality

reUability of an LCD panel is degraded. In addition, when the thickness of a

previously formed sealant is great, a surplus liquid crystal than the fine needed amount

is sealed in the cell before it leaks out. Thus, because a liquid crystal layer carmot

obtain a uniform thickness, a seal-type spacer is additionally used and a sealant is
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adhesively coated on the outer circumference of the cell in a subsequent process. In

this case, in order to improve reliability and operation efficiency, a variety of attempts

have been made as proposed in Japanese Patent Laid-Open Publication Nos. sho 51-

10711 and 51011934. However, these attempts are undesirable in terms of mass

5 production, because it is required to coat a sealant on an outer circumference of a unit

cell and cure the sealant and owing to a great loss in liquid crystal material. As a result,

the method (a) is not used at all recently.

Next, as seen from Japanese Patent Laid-Open Publication Nos. sho 49-4648,

49-79541, and 55-6881, the method (b) aims at reliability, operation efficiency, and cost

10 reduction. However, since a process of making a hole in an electrode substrate is

necessarily needed, the method (b) increases the cost of production and is

disadvantageous in mass production.

For the above-described reasons, the methods (a) and (b) are not used any

longer, but only the method (c) is in common use for production ofLCD panels.

15 Nevertheless, even in the method (c) as seen from Japanese Patent Laid-Open

Publication Nos. sho 58-37527 and 58-40726, because a surface of an end portion of an

injection port is necessarily in contact with a liquid crystal, a loss in liquid crystal is

incurred to an extent such as adhered to the surface of the end portion of the injection

port. Also, because a sealant is placed on the surface of the end portion of the

20 injection port, the adhesion of the sealant is degraded and the LCD panel has a poor

quality. The surface of the end portion of the injection port is in contact with the

liquid crystal so that the liquid crystal may be contaminated or covered with dust, thus

degrading the quality of the LCD panel. Further, in the method (c), it takes quite a

long time to inject a liquid crystal. Sometimes, it takes no less than 60 minutes to
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fabricate a large-sized panel. During injection of liquid crystal, when the electrode

substrates are formed of a flexible material, such as a film, they are vertically in contact

with each other due to a pressure difference, thus causing a failure in orientation of

liquid crystal. When an LCD panel is fabricated using a liquid crystal that is mixed

5 with spacers in order to maintain a predetermined distance between electrode substrates,

it is impossible to mix the liquid crystal with the spacers beforehand. Instead, it is

necessary to scatter the spacers on the entire surface of the electrode substrates before

opposite electrode substrates are adhesively fixed to each other. This results in a great

waste of high-priced spacer material including a portion adhered to equipment. For

10 a multi-layered panel in which two or more cells that use at least one electrode substrate

in conmion overlap in a vertical direction, it is troublesome to fabricate the cells using

two or more different kinds of liquid crystals because the different liquid crystals may

be mixed with each other. Similarly, for an LCD panel in which two or more cells are

cormected to each other on the same level, it is not practicable up to now to fabricate

15 cells using two or more different kinds of liquid crystals. This technique has not been

proposed yet.

Moreover, except the method (a), each of the methods (b) and (c) involves an

electrode substrate bonding process, a liquid crystal pressurization/injection process,

and a sealing process.

20 The present invention, therefore, solves aforementioned problems associated

with conventional devices and methods by providing an LCD panel and method of

fabricating the same, which incurs no loss in liquid crystal material, prevents

contamination of liquid crystal with dust, and simplifies the entire process.
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(Sununary of the Invention)

In order to accomplish the above objects, a method of fabricating an LCD

panel includes disposing a sealant on at least one of electrode substrates that are

disposed opposite to each other; putting a predetermined amount of at least one kind of

liquid crystal on the at least one opposite electrode substrate; and bonding the two

electrode substrates in a vacuum state. Also, an LCD panel uses at least one of two or

more electrode substrates in common. In the LCD panel, the electrode substrates are

disposed opposite to each other through a sealant, at least two independent liqmd crystal

seal portions are integrally installed using the electrode substrates and the sealant, and at

least one of the seal portions seals different liquid crystals than in the other seal portions.

(Function of the Invention)

According to the structure of the present invention, a predetermined amount of

liquid crystal is put on an electrode substrate so that it is adhered only on an inner

15 surface of a cell Thus, the hquid crystal is adhered neither on a bonding surface

between a sealant and the electrode substrate nor outside the sealant. As a result, a

high-priced material is not wasted and the adhesion of the sealant can be improved.

Also, because only a required amount of liquid crystal is removed fix)m a hquid crystal

container onto the electrode substrate, contamination of liquid crystal with dust can be

20 completely prevented. Further, after the liquid crystal is put on the electrode substrate,

two or more electrode substrates can be combined rapidly in a vacuum state.

Therefore, an electrode substrate bonding process, a liquid crystal injection process, a

sealing process, and even a spacer scattering process, if required, can be carried out as a

single process in a short duration oftime.

5
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In addition, two or more independent liquid crystal seal portions are integrally

installed in the structure of the present invention. The seal portions are charged with at

least two different kinds of liquid crystals, thus an LCD panel can be fabricated with

very high industrial applicability.

(Embodiments)

Hereinafter, exemplary embodiments of the present invention will be described

with reference to the accompanying drawings.

[Embodiment 1]

FIGS. lA through IC and 2 illustrate a method of fabricating an LCD panel

according to an exemplary embodiment of the present invention, and FIGS. 3 and 4 are

a perspective view and cross sectional view, respectively, of a vacuum bonder for the

method as illustrated in FIGS. 1A through IC and 2.

At the outset, as shown in FIG lA, electrode substrates 11 and 12, which are

previously processed and formed of, for example, glass, are prepared to orient Uquid

crystal molecules. Although not shown in the drawings, patterns are formed on the

electrode substrates 11 and 12 using transparent electrodes. For example, a sealant 13,

which is formed of UV curing resin made of polyester acrylate augmented with 1 %

benzoin ethyl ether, is printed on the electrode substrate 11 using a screen printing

process. Also, a conductive resin 14 is printed on the electrode substrate 12 using a

screen printing process to electrically connect the upper and lower electrode substrates

11 and 12. In this case, the sealant 13 includes two sealants that are installed as a

particle type on the electrode substrate 11, and the conductive resin 14 is printed in a
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required position. Next, as shown in FIG. IB, one or several drops of liquid crystal 15

are dropped near to a central portion of two portions of the electrode substrate 11 that

are surrounded by the sealant 13. In this case, the liquid crystal 15 may be mixed with

spacers 16 to maintain a predetermined distance between the opposite substrates 11 and

5 12 as described below. However, the liquid crystal 15 without containing the spacers

16 may be dropped.

The liquid crystal 15 is dropped using a microsyringe and its drop amoimt is

controlled within ±7% of fine amount. In this case, when the portion of the electrode

substrate 11 on which the liquid crystal 15 is dropped is too close to the sealant 13, the

10 liquid crystal 15 may flow to the sealant 13 before the electrode substrates 1 1 and 12 are

bonded to each other. Thus, when the electrode substrates 11 and 12 are bonded to

each other, the sealant 13 may be cut or the liquid crystal 15 may overflow out of the

sealant 13. Also, when the number of drops of liquid crystal 15 is small, a Uquid

crystal layer is easily formed to a non-uniform thickness (hereinafter, a gap) on the

15 portion where the liquid crystal 15 is dropped or the other portion. Therefore, it is

desirable to imiformly drop many drops of liquid crystal 15 if possible. In addition,

the precision ofamount of liquid crystal 1 5 reflects the precision of the gap.

Accordingly, process conditions should be determined in consideration of the

shape, size, and gap precision of an LCD panel to be fabricated. For example, when a

20 liquid crystal seal portion has a size of 33inmxi7mmx9.0lim, the liquid crystal 16

overflows out of the seal portion in a wide range, as might be the case in dropping a

drop of liquid crystal 15 {5,05\i6) on the center of the seal portion, and is desirably

injected without overflow, as might be the case in dropping three smaller drops of Uquid
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crystal 15 at regular intervals in a lengthwise direction of the seal portion. Also, the

above-described range (±7%) of fine amount within which a drop amount of liquid

crystal 16 is controlled is obtained from various experiments, but the present invention

is not limited thereto.

5 After the liquid crystal 15 is dropped, as shown in FIG IC, the two electrode

substrates 11 and 12 are bonded in vacuum. However, before the electrode substrates

11 and 12 are bonded, as shown in FIG 2, the electrode substrates 11 and 12 overlap

using a l-mm assembling spacer 17 such that electrode patterns are aligned.

Subsequently, the overlapped electrode substrates 11 and 12 are put in a space

10 (concave portion) 20 formed in a base 19 of a vacuum bonder 18 as shown in FIGS. 3

and 4, the space 20 is covered with a sheet 21 formed of, for example, silicon rubber,

and the space 20 is closed with a covering 22 and the covering 22 is fixed with a bolt

(not shown). Also, a space 23 as shown in FIG 4 is vacuumized using a vacuum pump

(not shown) that contacts an exhaust port 24, and the space 20 in which the electrode

15 substrates 11 and 12 are put is vacuumized using a vacuum pump (not shown) that

contacts an exhaust port 25. Here, although the degree of vacuum depends on the

shape and size of an LCD panel to be fabricated, in the present embodiment, \yhen the

degree of vacuum in the space 20 is 10'^ torr or lower, the vacuumization of the space

23 is stopped, and air is gradually leaked through the exhaust port 24 using a leak valve

20 (not shown). In order to prevent degradation of liquid crystal 15, it is more desirable

to leak a nitrogen gas.

During the air leak, the sheet 21 formed of silicon rubber becomes slack

downward, and the electrode substrates 11 and 21 are generally pressurized due to the

atmosphere. Thereafter, a handle 26 is wheeled to remove the assembling spacer 17,
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and the leak valve is completely opened until the space 23 is under an atmospheric

pressure (1-pressure). At this time, the electrode substrates 11 and 12 are completely

pressurized and bonded to each other in vacuimi, and the liquid crystal 15 is divided into

two parts and sealed by the sealant 13 between the electrode substrates 11 and 12.

5 Also, when the electrode substrates 11 and 12 are insuflRciently pressurized, a high-

pressure nitrogen gas or air can be supplied through the exhaust port 24.

Thereafter, the vacuumization of the space 20 is stopped, and the space 20 is

restored to a leak atoiospheric pressure through the exhaust port 26. Similarly, it is

more desirable to leak a nitrogen gas to prevent degradation of liquid crystal 15. After

10 that, the covering 22 is opened, the bonded electrode substrates 11 and 12 are extracted

from the space 20, and the sealant 13 is cured.

Thereafter, the electrode substrates 11 and 12 are cut to a predetermined size,

thus the LCD panel is completed as shown in FIG 5.

In the present embodiment, it is described that the curing of the sealant 13 is

15 performed outside the vacuum bonder 18, but the sealant 13 may be cured inside the

vacuum bonder 18. However, experiments show that when the sealant 13 is cured

while pressurizing the electrode substrates 11 and 12, the gap in the LCD is more

uniform than when the electrode substrates 11 and 12 are not pressurized. Also, it is

described in the present embodiment that the entire electrode substrates 11 and 12 are

20 uniformly pressurized in the vacuum bonder 18, but they may be partially pressurized.

For example, only the sealant 13 may be pressurized. Also, when the pressurization of

the electrode substrates 11 and 12 is performed using a pressure difference, which is

frequently considered as a pressurization method, a flexible film formed of silicon

rubber or a sheet type material can be used for suflBcient pressurization. Moreover, if
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at least part of space between the electrode substrates 11 and 12 is maintained under a

lower pressure than an external pressure using other sealant than the sealant 13, the

electrode substrates 11 and 12 can be pressurized without even a weight (a pressing

unit). This method may be applied to conventional methods including bonding the

5 electrode substrates 11 and 12 beforehand and then injecting a liquid crystal. In

particular, when both the sealant 13 and an additional sealant are formed of UV curing

resin, the method is very effective because the weight (or pressing imit) does not

intercept UV light andUV irradiation is simple.

Further, in the present invention, when the electrode substrates 11 and 12 are

10 bonded using the sealant 13 in vacuum, the liquid crystal 15 need to be sealed therein at

the same time. Also, the sealant 13 should be cured with the liquid crystal 15 sealed,

so that a uniform gap can be obtained. For these reasons, it is difficult to treat such

materials as thermosetting resin and thermoplastic resin that need to be heated when

they are bonded or cured. On the contrary, since UV curing resin is cured at a normal

15 temperature in a small amount of time and has a long photolight, it is quite appropriate

for the sealant 13 for the present invention.

In the present embodiment, radical superposition polyester acrylate is used as

UV curing resin. In addition to radical superposition polyester acrylate, radical

polymerization resin, such as epoxy acrylate and urethane acrylate, may be used without

20 adversely affecting the Uquid crystal 15. When the radical polymerization resin is used,

the resultant LCD panel can be employed without causing problems under typical

conditions. However, when the LCD panel is employed xmder strict temperature and

humidity conditions, it does not withstand heat and moisture very well.

Meanwhile, cation polymerization UV curing resin increases the amoimt of
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consumed current of liquid crystal 15 but withstands heat and moisture very well.

Therefore, an outer sealant is formed of the cation polymerization UV curing resin and

an inner sealant that contacts the liquid crystal 15 is formed of radical superposition

resin, so that a double sealant is formed. As a result, an LCD panel can be fabricated

with high reliability and high quality. Also, it is obvious that the outer sealant can be

formed of thermosetting resin that is heat-resistant and moisture-proof hi making use

of the double sealant, it is preferable that radical superposition UV curing resin (the

sealant 13 of the present embodiment) be installed as the inner sealant on the electrode

substrate 11 on which the liquid crystal 16 is dropped, and cation polymerization UV

curing resin or thermosetting resin be installed as the outer sealant on the other electrode

substrate 12. In this case, the outer sealant is installed outside the inner sealant.

The double sealant using the UV curing resin can greatly reduce a time taken to

cure the sealant in comparison to a double sealant using thermosetting resin or

thermoplastic resin. Also, even if one of the iimer and outer sealants is formed of

thermosetting resin that takes a long time to cure, when both the inner and outer sealants

are formed of thermosetting resin, it is necessary to pressurize the electrode substrates

11 and 12 until the sealant is cured in order to uniformize the gap. However, when one

of the inner and outer sealants is formed ofUV curing resin that takes a short time to

cure, after the sealant is cured, the gap does not change. Therefore, it is not necessary

to pressurize the electrode substrates 11 and 12 at all. In addition, the double sealant

can be desirably applied to the conventional methods including bonding the electrode

substrates beforehand and then injecting a liquid crystal for the same reason as

described above.

In order to form the double sealant, it is preferable that at least one of outer
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sealant, inner sealant, and conductive resin be formed to a fixed amount using an

ejection method instead of a screen printing method.

Also, in the present mvention, glass substrates are used as the electrode

substrates 11 and 12. However, the electrode substrates 11 and 12 may be formed of a

flexible material, such as a film, if and only if a new method is invented such that the

electrode substrates 11 and 12 do not come into contact with each other before they are

adhesively pressurized in the vacuum bonder 18.

[Embodiment 2]

As shovra in FIG 7, a trilayer guest-host-type LCD panel shown in FIG 8 is

fabricated using total four substrates in the same manner as in the first embodiment. A

predetermined electrode pattern (not shown) is formed on both sides of each of two

electrode substrates 28a and 28b, and a predetermined electrode pattern (not shown) is

formed on only one side of each of two electrode substrates 28 and 29. Also,

respective liquid crystals 30, 31, and 32 are different and contain red, blue, and yellow

pigments, respectively. In a conventional method, Uquid crystals are mixed, or while a

Uquid crystal is being injected into a first layer, injection ports of the other layers are

stopped. However, accordmg to the present embodiment, those problems do not

happen in the least. Also, it is obvious that a more multilayered LCD panel can be

fabricated according to the present invention

[Embodiment 3]

As shown in FIG 9, an LCD panel as shown in FIG 10 is fabricated in the

same manner as in the first embodiment. In the present embodiment, the LCD panel
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includes 81 liquid crystal seal portions and is fabricated using three kinds of liquid

crystals 30, 31, and 32, which contain red, blue, and yellow pigments, respectively, as in

the second embodiment. Conventionally, it is impossible to fabricate this kind ofLCD

panel. In other words, it was substantially hard to make a hole in a portion of an

electrode substrate that corresponds to each cell, and this technique has not been

proposed for the reason that an injection port disposed in a display portion may damage

the image of the LCD panel. In FIGS. 9 and 10, reference numerals 34 and 35 denote

electrode substrates, and 36 denotes a sealant for 81 liquid crystal seal portions.

[Embodiment 4]

As shown in FIG 11, an LCD panel is fabricated in the same manner as in the

first embodiment. In the present embodiment, a single large-sized electrode substrate

37 and three small-sized electrodes 38, 39, and 40 are used, and three liquid crystal seal

portions are disposed in the center of sealants 41, 41a, and 41b, respectively. In this

case, one kind of hquid crystal 42 is injected into the three liquid crystal seal portions.

Like in the third embodiment, the LCD panel of the present embodiment also was

substantially hard to fabricate and has not been proposed.

Also, in the present invention, it is obvious that the diameter of spacer in the

sealant may be different in respective cells, a distance between electrode substrates may

be different in the respective cell, and a viewing angle may be different in the respective

cells depending on a different combination of orientation and twist direction of hquid

crystal.

(Effects of the Invention)
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As described above, the present invention has the following merits. Above all,

because a required amount of liquid crystal is directly put on an electrode substrate from

a liquid crystal container, a loss in high-priced liquid crystal material is not incurred.

Contamination of liquid crystal with dust is prevented. Since a hquid crystal is

adhered neither on a sealant nor on a seal adhering portion of the electrode substrate,

adhesion of the sealant is becomes better. A failure in a seal portion does not happen

because there is no injection port for a liquid crystal. Also, after the hquid crystal is

put on the electrode substrate, two or more electrode substrates can be bonded to each

other rapidly in a vacuum state. Thus, an electrode substrate bonding process, a liquid

crystal injection process, a sealing process, and even a spacer scattering process, if

required, can be carried out as a single process in a short duration of time. An

expensive spacer material is not wasted at all. Further, when the sealant is formed

of UV curing resin, the number of days for the entire process operations (fix)m a

substrate cleaning operation to a finished product inspection process) can be greatly

reduced from 3 or more to less than 1.

Furthermore, the present invention can provide an utterly new type of LCD

panel in which two or more independent liqxiid crystal seal portions are integrally

installed and charged with at least two different kinds of liquid crystals, as has not been

introduced yet. In addition, even a multilayered LCD panel can be easily produced

without mixing different liquid crystals.

Brief Description of the Drawings

FIGS. 1A through IC are perspective views illustrating a method of fabricating

a liquid crystal display (LCD) panel according to an exemplary embodiment of the
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present invention;

FIG 2 is a cross sectional view corresponding to FIG 1;

FIG 3 is a perspective view of a vacuum bonder for the method of the present

invention;

FIG 4 is a cross sectional view corresponding to FIG 3;

FIG. 5 is a top view of an LCD panel that is fabricated by the method of the

present invention;

FIG 6 is a cross sectional view corresponding to FIG 5;

FIG 7 is a perspective view illustrating a method of fabricating an LCD panel

according to another exemplary embodiment of the present invention;

FIG 8 is a perspective view of the LCD panel that is completed according to

the method shown in FIG 7;

FIG 9 is a perspective view illustrating a method of fabricating an LCD panel

according to yet another exemplary embodiment of the present invention;

FIG 10 is a perspective view of the LCD panel that is completed according to

the method shown in FIG 9;

FIG 11 is a perspective view illustrating a method of fabricating an LCD panel

according to further another exemplary embodiment of the present invention;

FIG 12 is a perspective view of the LCD panel that is completed according to

the method shown in FIG 1 1 ; and

FIGS. 13A through 13D are perspective views illustrating a method of

fabricating a conventional LCD panel.

<Explanation of Reference numerals>
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11, 12, 28, 28a, 29, 29a, 34, 35, 37, 38, 39, and 40: electrode substrate

13, 33, 33a, 33b, 36, 41, 41a, and 41b: sealant

15, 30, 31, 32, and 42: liquid ciystal

16: spacer
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